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Purpose:
To retrospectively evaluate the diagnostic performance of magnetic resonance (MR) imaging for the diagnosis of adnexal torsion in a series of patients with an equivocal adnexal mass at ultrasonography (US) in the context of acute or subacute pelvic pain.
Materials and Methods:
The institutional ethics committee approved the study and waived informed consent. All patients with acute or subacute pelvic pain who were undergoing MR examination for the exploration of an equivocal adnexal mass (January 2007 to December 2012) with surgical exploration or clinical and radiologic follow-up of at least 3 months were retrospectively included (n = 58). The prospective interpretations were recorded. Additionally, three radiologists who were blinded to the clinical, US, and surgical data retrospectively and independently reviewed MR images.
Features associated with adnexal torsion were identified by using univariate and recursive partitioning multivariate analysis.
Results:
Twenty-two patients (38%) had a diagnosis of adnexal torsion. The accuracy of MR imaging at the time of prospective interpretation was 80.6% (25 of 31 patients) and 85.1% (23 of 27 patients) in acute and subacute torsion, respectively. The accuracy of image interpretation by each retrospective reader was 83.9% (26 of 31 patients), 90.3% (28 of 31 patients), and 83.9% (26 of 31 patients) in the context of acute pelvic pain and 92.6% (25 of 27 patients), 88.9% (24 of 27 patients), and 81.5% (22 of 27 patients) in the context of subacute pelvic pain for readers 1, 2, and 3, respectively. At multivariate analysis, the whirlpool sign (odds ratio = 6.5 [95% confidence interval: 1.36, 31.0], P = .01) and a thickened tube (.10 mm) (odds ratio = 8.2 [95% confidence interval: 1.2, 56.8], P = .03) were associated with adnexal torsion, with substantial interreader agreement (k = 0.71-0.84 and 0.82-0.86, respectively). The presence of adnexal hemorrhagic content was associated with nonviable ovaries in seven of 10 patients (70%) and with viable ovaries in 12 of 45 patients (27%) (P = .009).
Conclusion:
MR imaging is an accurate technique for the diagnosis of adnexal torsion in patients who have an adnexal mass with acute or subacute pelvic pain.
who underwent pelvic MR examination to evaluate adnexal masses in the context of acute pelvic pain (of less than 4 hours' duration) or subacute pelvic pain (defined as recurrent intermittent acute pelvic pain for no more than 1 month) between January 1, 2007, and December 31, 2012. In our center, an endovaginal US examination is systematically performed to evaluate any adnexal mass associated with pelvic pain. The examination is performed by a gynecological sonographer (a radiologist or gynecologist) with at least 5 years of experience. MR imaging is a secondline technique performed only in cases of doubtful or difficult diagnosis at pelvic US. Demographic and clinical data were extracted from our institutional database, with additional retrospective medical record review. Hormonal status (ie, pregnancy, ovarian stimulation, or menopause) was noted. The following clinical findings, which were typically described to characterize acute or subacute pelvic pain, were also noted: (a) painful vagina at examination, (b) persistent pain despite analgesic use, (c) abdominal guarding, (d) nausea, (e) medical history of torsion, (f) elevated temperature, and (g) leukorrhea. Finally, the delay between the beginning of the pain and the MR imaging examination was recorded. A total of 65 patients were identified. Women who were lost to follow-up (n = 6) or who had technical problems related to the picture archiving and a priority issue (12) . Ultrasonography (US) is the first-line imaging technique in the investigation of lower abdominal or pelvic pain in the premenopausal woman. When an adnexal mass is discovered in this context, US is helpful in most cases for the diagnosis of functional abnormalities. For the diagnosis of adnexal torsion, US sensitivities range from 46% to 74% (13) . Thus, in case of difficult or doubtful diagnosis, magnetic resonance (MR) imaging may be helpful. In some studies, investigators have evaluated the value of computed tomography (CT) in the diagnosis of adnexal torsion (14-16) because of its accessibility in the context of emergency. However, exposure to pelvic irradiation makes this a less favorable imaging method in women of reproductive age. Additionally, in the presence of subacute or more chronic clinical presentation, the diagnosis of adnexal torsion may be overlooked (17) . As a consequence, patients may undergo pelvic MR examination for pain evaluation without obvious clinical suspicion of torsion. In this specific setting, MR findings may lead to the proper diagnosis. Nevertheless, published reports that address the diagnostic performance of MR are scarce (13, 16, (18) (19) (20) (21) (22) (23) (24) .
The purpose of this study was to evaluate retrospectively the diagnostic performance of MR imaging for the diagnosis of adnexal torsion in a series of patients with an indeterminate adnexal mass at US in the context of acute or subacute pelvic pain.
Materials and Methods
Our institutional ethics committee approved the study and granted a waiver of informed consent.
Population
Our MR imaging database was retrospectively queried to identify women A dnexal torsion is a rare condition (accounting for 2.7% of female acute pelvic pain) (1) that is responsible for acute or subacute congestion and ischemia of the ovary. In most cases, torsion involves both the ovary and the tube and, rarely, the tube alone (2, 3) . There is usually a preexisting adnexal abnormality (1, 4, 5) . Early diagnosis is crucial because delayed identification of torsion may lead to ovarian necrosis and affect a woman's fertility (6, 7) . Therefore, surgical exploration is mandatory when torsion is highly suspected on the basis of clinical and imaging findings. The main clinical feature is sudden and marked pelvic pain (8, 9) , but intermittent vascular compression with varying severity may lead to more subacute or chronic clinical presentation, with frequent spontaneous resolution and recurrence of pelvic pain. Thus, clinical diagnosis may be difficult, since torsion is suspected preoperatively in only 23%-66% of cases, while around half of the patients undergoing surgery for suspicion of adnexal torsion have a different final diagnosis (10, 11) .
Advances in Knowledge
In this setting, improving the preoperative diagnosis of adnexal torsion is Finally, the presence of ovarian or tubal hemorrhage was noted on T1-weighted images, and ovarian parenchymal enhancement after contrast material administration was noted.
Reference Standard
The final diagnosis was established either by means of surgery in 46 of 58 patients (79.3%) or by means of clinical and radiologic follow-up for at least 3 months in 12 of 58 patients (20.7%). Surgical evaluation findings corresponded to laparoscopic findings (n = 40) and laparotomic findings (n = 6). The median delay between MR imaging and surgery was 2 days (range, 0-15 days), including 22 women with adnexal torsion (with a median delay of 0 days [range, 0-13 days]) and 24 women without adnexal torsion (with a median delay of 11 days [range, 0-15 days]). Adnexal torsion was always proven at surgery. The other 12 patients underwent clinical and/or imaging follow-up for 3 months. In this group, the absence of adnexal torsion was finally diagnosed.
gadolinium chelate injection (Dotarem; Guerbet, Aulnay-sous-Bois, France).
MR Data Analysis
All MR images were reviewed retrospectively and independently on a picture archiving and communication system workstation (Agfa Healthcare, Mortsel, Belgium) by three radiologists (I.T.N.
[reader 1], H.S. [reader 2], and S.B.G.
[reader 3], with 11 years, 2 years, and 1 year of experience in pelvic MR imaging, respectively), who were blinded to the clinical and surgical data. None of the readers were involved in patient care.
The following tubal and ovarian features were noted: direct adnexal signs of torsion with (a) presence of a whirlpool sign (a twisted ovarian pedicle or twisted fallopian tube), (b) tubal wall thickening (more than 10 mm), (c) dilated fallopian tube, (d) symmetrical or asymmetrical thickening of the wall of an ovarian cyst, (e) ovarian stromal edema, (f) presence of normal ovarian parenchyma, and (g) prominent follicles in the periphery of the ovarian parenchyma. The other following features were also recorded: (a) presence, size, and side of the adnexal mass (when masses involved both sides, the painful side was considered for analysis); (b) adnexal position in the pelvic cavity; communication system (n = 1) were subsequently excluded. The final cohort consisted of 58 women (mean age, 38 years; range, 16-82 years), including 13 of 58 menopausal women (22%) and six of 58 pregnant women (10%). Among these patients, eight underwent CT, which was performed before US.
MR Acquisition Protocol
MR examinations were performed with a 1.5-T clinical MR imaging unit (Sonata, Siemens, Forchhiem, Germany; or HDXT, GE, Milwaukee, Wis) by using a phased-array pelvic coil. The acquisition protocols, including sequences and parameters, are detailed in Table 1 .
In the absence of contraindications, patients received an antispasmodic drug intravenously (Glucagen; Novo Nordisk, Bagsvaerd, Denmark) immediately before MR imaging to reduce bowel peristalsis.
Patients underwent variable MR protocols, including at least the following common sequences: sagittal and axial turbo spin-echo T2-weighted sequences and axial gradient-echo T1-weighted sequences, with and without fat suppression. No respiratory gating was used.
Delayed contrast material-enhanced axial and sagittal T1-weighted gradientecho images with breath hold were acquired in 46 patients (79%) after GENITOURINARY IMAGING: Diagnostic Value of MR Imaging in the Diagnosis of Adnexal Torsion Béranger-Gibert et al that were larger than 6.5 cm in diameter; atypical hemorrhagic cysts (n = 6); or ovarian edema without ovarian mass detected (n = 5).
Specific Diagnostic Value of Clinical and Imaging Findings to Diagnose Adnexal Torsion
No single clinical finding was significantly associated with the diagnosis of adnexal torsion ( Table 3 ). The mean long-axis diameter of ovarian masses was 92.6 mm (range, 28-250 mm), with no difference between the group with torsion and the group without torsion (P = .19). However, the size of the ipsilateral ovarian parenchyma was higher in the torsion group (mean size 6 standard deviation, 11.3 cm 2 6 8; range, 3.8-30.0 cm 2 ) than in the group without torsion (mean size, 5.3 cm 2 6 5.7; range, 0.8-23.0 cm 2 ; P = .01). At univariate analysis, the following MR imaging findings were significantly more frequent in the adnexal torsion group: uterine of these cases, the ovary was nonviable at the time of surgery (mean delay from MR imaging to surgery, 2 days; range, 0-5 days). In 27 cases with subacute pelvic pain for 4 hours to 30 days with a mean delay of 9 days, adnexal torsion was present in 40.7% of patients (11 of 27) . In seven of these cases, the ovary was nonviable at the time of surgery (mean delay from MR imaging to surgery, 5 days; range, 2-15 days). US findings suggested adnexal torsion in 16 of 58 patients (28%), with a correct diagnosis in 10 patients and an incorrect diagnosis in six patients. MR imaging was indicated after US because of atypical clinical presentation of adnexal torsion. In 42 of 58 patients, US findings did not suggest the diagnosis of torsion. MR imaging was indicated after US in the context of pelvic pain because of the presence of complex adnexal masses (n = 23); atypical unilateral pelvic inflammatory disease (n = 8), including seven nontubular masses
Statistical Analysis
Quantitative data were analyzed by using the nonparametric Mann-Whitney test, and categorical data were compared by using the Fisher exact test or the x 2 test, as appropriate. Interreader agreement was evaluated by using the Cohen k statistic, according to the following scale: 0.00-0.20, slight agreement; 0.21-0.40, fair agreement; 0.41-0.60, moderate agreement; 0.61-0.80, substantial agreement; and 0.81-1.00, almost perfect agreement (25) .
Clinical data and imaging features associated with adnexal torsion were identified by using univariate analysis. Multivariate analysis was based on the interpretation of the most experienced reader. Factors that demonstrated correlation with adnexal torsion with a P value less than .1 were then included in a multivariate logistic analysis model. P values less than .05 were considered to indicate a statistically significant difference.
Statistical analyses were performed by using MedCalc version 9.3.0.0 software (MedCalc, Ostend, Belgium) and R version 2.15 software (R Foundation, Vienna Austria), available online for multivariate analysis.
Results

Final Diagnosis
Overall, 22 of 58 patients (38%) had a final diagnosis of adnexal torsion, and 36 of 58 patients (62%) had no adnexal torsion ( Table 2) . Ovarian masses were identified in 46 patients and included 41 benign masses, four borderline (mucinous subtype) masses, and two invasive malignancies (one mucinous ovarian carcinoma and one immature ovarian teratoma). Ovarian masses were present in a similar percentage of cases with torsion and without (19 of 22 cases [86.4%] with torsion and 27 of 36 cases [75%] without, P = .34). All cases of pelvic inflammatory disease (n = 8) were exclusively found in the group of women without torsion (P , .001).
The start of pain was within 4 hours in 31 women. Acute pelvic pain was correlated with adnexal torsion in 35.5% of patients (11 of 31). In three Note.-Numbers in parentheses are percentages. In our population, there were six pregnant women at 5, 6, 7, 12, 14, and 17 weeks of amenorrhea. Three women had adnexal torsion-complicated ovarian hyperstimulation (n = 1), luteinized pregnancy cyst (n = 1), or luteal cyst (n = 1); and three women without adnexal torsion had luteal cyst (n = 2) or borderline mucinous cystadenoma (n = 1). Interobserver Agreement and Diagnostic Performance of the Three Readers Interobserver agreement was substantial or good for all criteria but one:
The presence of a dilated tube (k = 0.374 between reader 1 and reader 2) showed moderate and fair agreement ( in the presence of subacute pelvic pain for readers 1, 2, and 3 and prospective analysis, respectively ( Table 5) .
Five patients received a false-negative diagnosis from a least one of the three readers. Each reader missed three cases of adnexal torsion, including one case missed by all readers. This false-negative case corresponds to a benign serous cystadenoma with a maximal diameter of 56 mm in a 44-year-old woman who experienced subacute pelvic pain for 8 days. All readers misdiagnosed adnexal torsion as a hemorrhagic cyst ( Fig 5) .
Prospectively, MR findings suggested an adnexal torsion in 24 of 58 patients, with a correct diagnosis in 17 patients (sensitivity, 77.2% [17 of 22 patients; 95% confidence interval: 56.7, 89.8]) and an incorrect diagnosis in five cases (specificity, 86.1%; 95% confidence interval: 71.3, 93.9). At the time of patient care, adnexal torsion was incorrectly diagnosed in three cases (misdiagnosed as an indeterminate adnexal mass without torsion [two with acute pain and one with subacute pain]) and missed in two cases (misdiagnosed as functional disease [rupture of a luteal cyst] in one patient with acute pain and one with subacute pain. Among the 16 patients with suspicion of adnexal torsion at US, the diagnosis was changed correctly in women (27%) with viable ovaries (P = .0009). In contrast, no correlation was found with either ovarian contrast material enhancement, which was found in MR features, the presence of hemorrhagic content was associated with nonviable ovaries in seven of 10 patients, whereas it was found in only 12 of 45 
Discussion
The results of this study demonstrate that MR imaging is accurate for the diagnosis of adnexal torsion in patients with an adnexal mass with acute and subacute pelvic pain at presentation, with a negative predictive value higher than 90% in our three readers with 1-11 years of experience in pelvic MR imaging. Prospective MR analysis has a sensitivity of 77.2% (17 of 22 patients) and a specificity of 86.1% for the diagnosis of adnexal torsion. The probability of adnexal torsion was sixfold and eightfold higher in cases of visualization of the whirlpool sign and tubal thickening, respectively, and both of these signs were found to be identified reproducibly between readers. Moreover, the demonstration of blood products within the ovarian mass on T1-weighted images may suggest nonviable ovary. Currently, the management of suspected adnexal torsion is mainly based on clinical and US findings, with a highly variable rate of misdiagnoses (10, 11) that is mainly dependent on the experience of the sonologist (22, (26) (27) (28) . Our findings suggest that MR imaging is accurate in the diagnosis of adnexal torsion in the context of acute pelvic pain that presents rapidly over less than 4 hours, with accuracy higher than 80%. In the group of women with subacute pelvic pain, adnexal torsion was not initially suspected with US, and MR represents the twisted pedicle also described in US (28) and CT (16) . In our study, this feature was accurate with only four false-positive cases, which included two patients with subacute pelvic pain. Since our reference standard was the detection of at least one complete twist around the ligamentous support of the tube, it is possible that the torsion may have resolved prior to the time of surgery. The design of our study helps to evaluate the specificity of features described previously in smaller MR series of patients with proven adnexal torsion (16, 24) . Uterine displacement toward undergoing MR imaging for acute or subacute pelvic pain. Interestingly, both features have been reported to be the most specific imaging findings of adnexal torsion by using other imaging techniques (US and CT) (14) (15) (16) 28) . The tube is considered normal if it is no wider than 10 mm in diameter at any part of its length (29) . Thickening of the tube wider than this diameter indicates congestion and edema in the context of torsion. In our study, this sign was found in 90.9% of women (20 of 22) with adnexal torsion as reported in previous CT and MR series (16, 23) . The whirlpool sign is the direct sign that imaging was performed with a mean delay of 9 days. Our findings also demonstrate that MR imaging is accurate in this setting. This is an important clinical issue because the percentage of women with adnexal torsion in both the acute (40.7%, 11 of 27 patients) and subacute (35.5%, 11 of 31 patients) pain groups was similar.
In our series, the multivariate analysis showed that the whirlpool sign and a thickened tube were the two main imaging features associated with the diagnosis of adnexal torsion. These MR findings should therefore be actively searched for in any female patient and MR imaging was performed because a definite diagnosis of adnexal torsion had not been assigned. As a consequence, our recruitment bias may limit extrapolation to all patients who experience acute or subacute pelvic pain. Fourth, we did not compare the diagnostic performance of MR imaging to that of CT, and we evaluated the performance of US on the basis of variable expertise (gynecologist or radiologist sonographer). Another limitation of our study is the small size of the population, which required a calculation of sensitivity and specificity values on the basis of a simple stratified report of the data and not on thresholds issued from the statistical model. Finally, not all patients underwent surgery, and some cases of adnexal torsion might have been missed initially.
In conclusion, MR imaging is an accurate second-line technique for the diagnosis of adnexal torsion in the setting of patients with an equivocal adnexal mass at US who have acute or subacute pelvic pain. A whirlpool sign and a thickened tube should therefore be actively searched for in this context. the involved side and ovarian vascular pedicle enlargement have a high specificity (91.7% [33 of 36 patients]) and 80.5% [29 of 36 patients], respectively). However, other findings, including cystic wall thickening or asymmetrical cystic wall thickening, have a low specificity and could not be used to differentiate women with adnexal torsion from those without. Regarding ovarian features typically described in adnexal torsion, including peripheral follicles or stromal edema (30) , our results underline the fact that these findings are also found in the group of women without torsion and were not discriminant for the diagnosis of adnexal torsion.
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The assessment of the viability of the ipsilateral ovary is another important issue. In our study, 10 women were found to have nonviable ovaries at surgery. However, we found no correlation between viability and streaky changes in adjacent fat, as demonstrated at CT (18), because this sign is not specific and may also be found in pelvic inflammatory disease.
Finally, in line with our second-line recruitment method in the acute and subacute period, no correlation was found with either clinical findings or the presence of an underlying mass, as demonstrated by using US (18).
Aside from its retrospective singlecenter design, our study has several limitations. First, the readers were biased because they knew that the topic of this study was torsion. Second, we did not evaluate the value of diffusionweighted imaging (19-21) or dynamic contrast-enhanced imaging. Both were performed in a subgroup of patients included in the present study, but the limited number of these cases (n = 33 and n = 31) did not allow us to perform valid statistical analysis. In our institution, diffusion-weighted and dynamic contrast-enhanced MR sequences are routinely performed for the characterization of complex or indeterminate adnexal masses. Moreover, in the present setting of acute pelvic pain, our goal was to quickly evaluate all the patients, especially when they were pregnant (n = 6) at the time of diagnosis. Third, all patients underwent prior US examination,
